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,qUMMARY ..,
A series of ILS approaches u_ing _even airline-rated Busing 737 pilotu
in am FAA qualified _imulator have been conducted. The _est matrix included
both manual and coupled approaches with and without atmospheric turbulence ,
in Category lI weather. A nonintrusive oculometer system was used to track
the pilot's eyu-point-of..regard throughout the approach. The result_
indicate that, in general, the pilots use a different scan technique for the
manual and coupled conditions; however_ the introduction of atmospheric
turbulence doe_ not greatly affect the scan behavior in either case, A
comparison is made between the objective measures of the instrument scan
(oculometer data) and the pilots' opinions of their instrument use. The
data show a high degree of consistency among pilots for both the quantita-
tive data and the qualitative data (pilots' opinions). However, there is
a slightly lower agreement between the quantitative and qualitative measures.
INTRODUCTION
The scanning patterns used by pilots during various phases of flight
have been of extreme interest for a number of years. A number of techniques
have been developed to measure subject lookpolnt; however, each has either
intruded on the pilot or been difficult to correlate with the state of the
aircraft. For this studY3a nonintrusive real-tlme oculometer system, which
allows the subject 0.03 m (a cubic foot) of head motion, was used.
The purpose of this study was twofold. The first objective was the
measurement of the pilots' scan patterns to provide a better understanding
of how airline pilots use the existing flight instruments and to provide a
data base for ILS approaches against which advanced flight displays can be
compared. The second objective was to determine to what degree pilots can
describe their behavior and to compare these descriptions with the quantita-
tive data of eye-movement recordings,
' The study used airline pilots flying a FAA certified Boeing 737 flight
simulator at Winston-Salem, North Carolina. Both manual and coupled (auto-
natic without auto throttle) ILS approaches from approximately 13 km
(8 miles) out to a 30 m (I00 ft) decision height were investigated. The
data obtained give information on the pilots' scan patterns while monitoring
the automatic controls and while manually flying the aircraft during which
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H8£ hori_ontal situation indicator (also called CI (course indicator))
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RA _adar altimeter
SEG() [light segmet_t as defined in figure 5
T in uculometer tracking region
n/T out of oculom_ter tracking region
VSI vertical speed _ndlcator
EQUIPMENT
The Boeing 737 simulator used is a FAA certified initial and recurrent
training facility operated by Piedmont Airlines. The only changes to the system
were the incorporation of the oculometez optical head which was mounted below
the ADF behind the instrument panel (fig. i) and the addition of TV cameras
behind the pilot (fig. 2) to monitor the instrument panel and a TV monitor
located behind the pilot's seat to allow the test conductor to monitor the
pilot lookpoints during the tests.
• A modified Honeywell Mark 3 oculometer was used for the study, The
oculometer has two primary subsystems: the electro-optlcal head and the signal
processing unit. The electro-optlcal system generates a beam of infrared light
which is directed through a beam splitting mirror toward the subject's eye,
Reflections from the eye are directed by the beam splitter to an infrared-
sensitive TV camera. The high reflectlvity oE the human retina for infrared
leads to a backlightlng of the pupil_ so that the camera sees the pupil of the
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The test conditions also included the effect of atmospheric turbulence on the
scanning belmvior for both modes of operation. Approximately four runs for
each condltio1_ wore flown by each of the seven pilots. The order of runs was
i': randomized based on a random number table. All tests were conducted in simu-
:_:: latod Category II weather. The airport simulated was Smlth-Reynolds at Wlnston-
Salem, North Carolina. A Vital II out-of-the-window system was used to provide
•i the pilots the visual information needed to land.
i/
All test runs were started at 19 km (12 miles) from runway threshold
_ (fig. 4). The first 6 km (4 miles) were used by the pilot to stabilize the
_ aircraft on the correct flight path and to check the oculometer calibration. "
,, At 13 km (8 miles) data recording was started and continued until touchdown or
_ until the run had been aborted as a result of the pilot choosing to go around.
t
i;_ All airline pilots used in the program were qualified Boeing 737 pilots
,i who fly for a scheduled _icline. Prior to starting the test program each pilot
was given a briefing on the operation of the oculometer, as it was the only
_ thing different in th_ cockpit. Also, the pilots were asked to assume that
i_ they were flying an aircraft full of passengers, and if they would normally
elect to go around, they should do so. At the end of the test period, the
i<i pilots were asked to fill out a questionnaire concerning how they felt they i
had used the instruments.
All tests were conducted using the same instructor pilot as a copilot.
The copilot functioned in the same manner as he would in a normal approach and
provided all required callouts.
RESULTS AND DISCUSSIONS
The scanning patterns of pilots are expected to differ between pilots,
and even from run to run for the same pilot; however, there should be a consis- i
tency in terms of the primary information scanned for a particular type of run.
In order to establish this consistency, this report will deal only with the
summary data obtained from three runs for each condition by all seven pilots. I
Data on aircraft state variables, pilot inputs, etc. are not dealt with, as
additional work is needed in order to correlate the information.
Observation of the pilot scan patterns during the test indicated that the
pilots used the center of the flight director as the primary lookpoint and
moved from there to an instrument and then came back to the center of the flight
director. Only rarely did a pilot check more than one instrument before return-
ing to the center of the flight director. This is demonstrated in figure 5
which is a time history of one pilot's scan from approximately 213 m (700 ft)
altitude down to 30 m (i00 ft) altitude. Figure 5(a) shows the manual case
(with no turbulence), and figure 5(b) shows the coupled case with no turbulence.
The ordinate indicates the instruments at which the pilot was looking, with the
flight director being broken in to its information blocks as indicated in fig-
ure 6. The abscissa indicates flight time in seconds. The sections T and n/T
indicate eye tracking (upper level) and not tracking (lower level). As can be
=i seen from the time histories the pilot changes fixations more rapidly and looks
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given in figure 10. Of interest Is the reduction in dwell time for the FD from
approxlmately 1.6 sec in manual mode to approxlmately 0.8 sec in the coupled
mode. However, the mean dwell time for the other instruments increased slightly
in the coupled case. The standard deviations of mean dwell are large compared
with the mean dwell. Addltional analysls is needed to determine the dwell time
distributions and correlate them to actual conditions of the aircraft and tech-
niques of control used by the individual pilots.
The flight director was broken down into information areas as indicated
in figure 6. The percent time spent in the fl_ght director areas for the manual
and coupled cases with no turbulence is presented in figure 11. It should be
noted that these values are percentages of the time spent in the flight director,
as indicated in figure 7, and not of total flight time. Basically, the data
indicate (fig. ii) that the pilots spent a smaller percentage of their time in
the center of the flight director in the coupled mode t.han they did in the
manual mode. The rest of the time is distributed fairly evenly among the other
areas for both modes, with the exception of the roll indicator. The majority
of the pilots did not look at the roll indicator area at all. In this airplane
the speed bug of the FD is not operative; however, the airspeed indicator
(located to the left of the FD) is a bug instrument. Additional studies are
needed to verify a hypothesis that the pilots are gleaning information from the
airspeed indicator peripherally while still in the speed bug area. The scan
rate within the fllght director for the manual approach was 1.9 fixations per
second as compared with 2.9 fixations per second for the coupled approach.
It is evident from the oculometer data that in terms of the percent time
on instrument data (figs. 7 to 9) the ranking of instruments (the most to least
percent time) changes relatively little either between pilots or between condi-
tions. The oculometer data indicated that the FD, AS, and HSI ranked i, 2, and
3_ respectively; the VSI and BA were approximately equal for 4 and 5 rank; and
the ADF and RA (not shown) ranked 6 and 7, respectively. A review of the pilot
questionnaire indicated that while the pilots basically agreed with each other,
their rankings did not agree with the oculometer data for the HSI, which the
pilots generally ranked fifth, and for the BA, which is ranked third. It is
presumed that the pilots reported those things which concerned them most and
not neces_srily their actual behavior. Therefore, ranking instruments strictly
according to percent time spent (as measured by the oculometer) may, in fact,
not reflect actual instrument priorities.
A great deal of additional analysis of the data is needed to develop a
basic understanding of the strategy used in controlling or monitoring an ILS
approach.
CONCLUSIONS
The results obtained from the study provide a data base on how pilots scan
the existing flight instrument during simulated Category II ILS approaches. A
preliminary look at the data indicates that:
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i. Pllot mean percent tlme on the various instruments romalned relatlvely
constant throughout the approach to 30 m (i00 ft).
2. The standard deviation of the percent tlme on instruments was
relatively low.
!
3. Pilots spend less time in the flight director during the couplod
approach than during the manual approach. Most of the difference was used
on airspeed. I
4. Pilots percent time on instruments varied little with the introduction
of turbulence.
: 5. Mean dwell time on the flight director for the coupled mode was half
that for the manual mode.
6. Standard deviations of dwell time are large compared with mean dwell
time.
7. Pilots were consistent in ranking the instruments in terms of most to
least used. However_ the ranking obtained from the oculometer data in terms of
percent time on instruments did not agree with pilot opinion with regard to the
horizontal situation indicator and barometric altimeter.
609
_ _" _" " .... '/7--.=_'_ ' --'- .......................................... , ._ _ o _ {_',_ ,,_'_ .. _"--
O0000008-TSE05

INFRARED
l_lGHT
RETINA ....... _.
CORNEAL
o?lXC,_tIkYd5PUPIL " REFLECTION
X = CENTEROFPUPIL
CORNEA_ = ....
Figure 3.- Basic sensing principle.
ft m
3000 900 \\
GLIDE SLOPE BAND \\]
(+03°1 \
", \ \
1500 450- I " J \ \r%
,, _ \\ GLIDESLOPE
ALTITUDE " _ ,,\N,,"\\\_ 305 m 11000if)
",_,152 m (500 ft)
. 3° "_, 30m
I _-"_(IO0It)
m i i km
0 - 0 19 13 8 0
ISTART DATA I SEO1 I ,jSEG 2 ( SEG3 ISEG4,t,,I miles
12 8 DISTANCE 5 0
Figure 4.- Flight profile.
611
O0000008-TSE07
t, i
_I!i,RA"ARv_,I il
AIRSPEED,t II Illiil
IL/TI/1/CMDBARS, Ilr t II .... _ UI _ __J_
GLDSLP ]III
SEVENI II II
tOCALIZERI ....
. °_l]JIl_ii_Iljut II I!_ '/IIZ-f
, 1_o :L__i.... ._I.,(_ 1.oo _7o "18o-
'[, SI!I:
Iii,I
RADARALL
HSl41
., BAROALT'11i '.
c_°c_111III
ONE-Ill
ROLLIII
THREE.Ill
;,o. SPD BUGJ(_ I 1CMD BARS-i'l
GLDSLP-I_
SEVENI.. LOCALIZER.
: . ,_/_Ei[ll-ll_ II I _I!fJll_lll![1111[J3Hit-lli
1:._0 ]41) 1',0 lo() 170 180
", l, _,{'t
_: FJ}:UI'_' 5," Tim,' I_i!;I _t i,", ,,I ,,,,,, ,,; I,,! t : _;,';In, '!l'J m (700 ft) to
: 111,|llllmml d_.,.i_ i_._) _II i_,_,l, ,.i ',_ _, (l(l_l il ) _l.we },,round level.
6]2
............... TSE08
........ " ............................... 00000008-
liil,,
V _tl
i'
/ _ "X
SPD BUG CHD BARS
II
Flgure 6.- Flight director breakdown.
:L
!'
'i, 1,11
i 1
!.
t_l"_ "="'"_'_, " ................. " ........ IIl"/ I"'1" II-T" " - _ ........ '_=.... _ .... 31111"ITII I'" ....... Inn .... i ...... rill ........ lli .... " _'"',,, s',:" , i',-; ,,_ ; ..... -_ 7_.. _.._=,_.
O0000008-TSE09
I0(] !-
90 --
80 _ SUMMARY, MfAN PERCINIIIML
_!_. _e"iSEGMENTS,MEANPIRCENItIM!:70 i_
,_i :_' LJ STANDARD [VIATION60 _:,,.,_TIMEON '-:,_
INSTRUMENTS,50 :"_'"'
percent ;::"i.._ -'
:i!z .
2oi _"_ __--_--LI0 ., " '
o j::__'_ _ " "
',;I ' " '
_', _ !s!,,,_,I,II Isl]Iz13141IslI1213141IsI]1213]4]
SEGMENTSSEGMENTSSEGMENTSSEGMENTSSEGMENTS
FD AS BA HSI VSI
(a) Manual approaches.
I00 -
90i-
80 - _ SUMMARY,MEANPERCENTTIME
_ _SEGMENTS, MEAN PERCENTTIME70
I I
60 --- - L.JSTANDARD EVIATION
TIMEON
INSTRUMENTS,50-_ _3
percent 40, _i:ii_ --
2oili_'; "- '_i
]o E:i";_'"[i!i_;._
' 0 IS] : ,_4 JSil 2 3J4J 4J JSJll2J3J41 JSilJ2J3_4!
SEGMENTSSEGMENTSSE_MEMSSEGMENTSS_c,MINrs
FD AS BA HSI VSI
(b) Coupled approaches.
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